Data on the blood enzyme activities of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were collected from control male and female F344 rats participating in toxicity studies at 17, 30, 56, 80 and 106 weeks of age. The data were skewed to the right with significant deviation from normality. Applying the Box-Cox transformation, it was concluded that approximately normal distributions could be obtained by using the reciprocal transformation. In general, the males showed a greater degree of heterogeneity for both enzymes. Enzyme activities at 17 weeks were lowest for both ALT and AST. There was a high correlation between the activities of blood AL T and AST, with some animals showing dramatic transient increases. Significant differences among studies with respect to the enzyme activities in rats of the same age were demonstrated.
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The F344 inbred strain of rat is extensively used in toxicological and safety testing (Report, 1984) .
Although there is an extensive body of literature defining the clinical chemistry characteristics of the Sprague-Dawley (Leonard & Ruben, 1986; Wolford et 01., 1986; 1987) , and Wi star (Lewi & Marsboom, 1981) outbred stocks, there is less Received 19 June 1989; accepted 21 January 1991 information regarding the F344 inbred strain (Stromberg, 1983; Waner & Nyska, 1988; Turton et al., 1989) . We believe that the only other study with a thorough statistical analysis covering this strain of rat deals with haematological parameters, urea nitrogen and creatinine (Weil, 1982) . No study as yet has reported the activity distribution characteristics of the enzymes alanine aminotransferase (ALT EC 2.6.1.2) and aspartate aminotransferase (AST EC 2.6.1.1) in the F344 rat. Previous reports in which enzyme activities have been defined have presented the mean, standard deviation and 95070 confidence limits assuming normal distribution (Charles River, 1984) .
As both these enzymes are used routinely in toxicological studies for the assessment of liver and other general pathological changes (Evans, 1988) , a thorough understanding of the nature of them is important. This paper documents the distribution of the normal blood activities of AL T and AST in F344 male and female rats from 3 to 24 months of age. Correlations between the activities of these two enzymes were also evaluated.
Emphasis has been placed on the distribution characteristics of these enzymes. This view is considered lacking in other studies. Assumption of normality is important where estimations and statistical tests of particular hypotheses are made. Incorrectly assuming a normal distribution may lead to errors in confirming or rejecting hypotheses about the effect of the factors under study in an experiment (Sokal and Rohlf, 1981) .
Materials and methods

Experimental animals
The rats used in this study were control groups of subchronic, and 104 week chronic toxicity and carcinogenicity studies carried out at our laboratory. F344 rats-CDF(F-344)CrIBR (also known as Fischer 344), were obtained from Charles River Laboratories (UK). The rats were about 4 weeks old on arrival. The rats were held under barriered conditions during the periods of acclimatization (2 weeks) and experimentation. The animal rooms were kept at a positive pressure relative to the outside. Fresh, filtered uncirculated air was supplied to the rooms, which were monitored daily for temperature (21 ± 2°C) and humidity (55 ± 150/0).There were approximately 15 air changes per hour, and a 12h light: 12h dark light cycle. Rats were housed in groups of 5 in modified Type RCI cages from North Kent Plastic (Kent, UK).
Altromin Rodent Diet (1321N), free of nitrosamines, was fed ad libitum. Municipal water was passed through a commercial sterilizer (Tami 6, Kibbutz Ramat Rachael, Israel) and provided ad libitum in two plastic bottles. The water was tested twice yearly for quality, bacterial content, heavy metals and pesticides.
EnzYme determinations
Blood collections were carried out in the morning (0900-1030 h) after overnight deprivation of food. Blood was collected from the orbital sinus of rats held under ether anaesthesia. The rats were bled at about 17, 30, 56, 80 and 106 weeks of age. Each study was carried out independently. None of the studies were carried out together on the same day.
Blood was collected in heparin anticoagulant; the plasma extracted after centrifugation was used for the assay of AL T activity. Serum samples were used to measure the AST activity. The assays were performed on the same day of blood collection.
Test kits for the kinetic determination of the activities AL T and AST were purchased from Hoffman-La Roche. were assayed between every 10 animal determinations. The controls were monitored to assess the quality of the work at normal and high concentrations; these results were plotted on a Jennings-Levy graph (Westgard et 01., 1981) . An external quality (Wellcome Diagnostics, Kent, UK) control programme was also instituted.
Statistical analyses
Statistical analyses were applied to each data set for both enzymes, where a single data set was considered to be the results observed in animals of different studies for a particular enzyme, age group and sex. The analyses included a number of stages: At first, the data were analysed for its distribution characteristics in order to determine whether a transformation to normality should be applied. For this purpose the Box-Cox transformation (Sokal & Rohlf, pp.423-426, 1981) was applied to data sets where n> 17. A sequence of A values was tested with increments of O· 5 and the maximum likelihood estimator),. was determined. This estimator is the parameter of the Box-Cox transformation for which the best fit to the normal distribution is obtained. Where),. = 1 the raw data are considered as best fitted to the normal distribution.
Assuming that a single A value should be~sed for all the data sets, the median value A of the),. values was evaluated for both the enzymes. Two separate tests of significance were applied to the),. value of each data set: One tested the significance between A =),. and A = 1; the other tested the difference between A =),. and A = >:.
The results of these tests indicated whether the normal distribution can be reasonably assumed for the raw data (first te!t) and transformed data (second test) using A = A. The tests were based on the chi-square distribution with one degree of freedom (Aitkin et 01., 1989) of the difference between the log likelihood values associated with the respective pair of A values. The assumption was rejected at the 5OJo level when the resultant chi-square test exceeded 3·84. The above stage was carried out using the GUM software package (Numerical Algorithm Group). For the following procedures the SAS software (SAS Institute Inc., Cary, USA) was applied.
Using the reciprocal transformed data (i.e }.. = -1) results of the mean and standard deviation were evaluated for each of the data sets. The correlation coefficient between the two enzymes was evaluated using the Pearson product-moment correlation procedure. The analysis of variance (ANOV A) model II was used to test for differences among age groups with respect to the activity of each enzyme. The relative contribution of the two variance components: the relative among and within study variances (Sokal & Rohlf, pp.210-218, 1981) was also calculated and is presented in Table I. The two-way analysis of variance was used on the data in order to detect whether there were any main effect for the studies.
Results
Of the 12 raw data sets analysed, the normal distribution assumption was rejected for 75% (9) for the AL T enzyme activity, and 67% (8) for the AST enzyme activity, which is much larger than the null expectation of 5%, from independent data sets. It must be pointed out, however, that the data sets were not independent since repeated measurements were often taken from the same animals at different ages. With the exception of a single case, the ). was consistently less than l' O. Thus the results strongly indicate that the distribution of each of these enzymes is not normal and is skewed to the right. There appears to be no association between the values of). and the sex or age of the rats.
The median of the). values was -O· 5 for AL T and -1· 0 for AST. The median of). values for both the enzymes is -I . O. Only one data set showed a significant difference between }.., and~= -1. We therefore conclude that approximate normal distribution can be obtained for both AL T and AST blood enzyme activities by applying the reciprocal transformation, which is equivalent to the Box-Cox transformation with A=-I·O.
Considerable differences were observed among the individual studies for the respective enzyme activity at a given age and sex. However, the relative magnitude of variation between animals within studies was greater than the relative variance component for between studies (Table   1 ). The between study variance was observed to vary from 00/0 to 42% of the total variance.
Rats at 106 weeks of age showed larger between animal variation (in 3 out of 4 cases), compared with rats of other ages. In these instances the within study variance constituted 94 to 100% of the total variance.
Graphs of the enzyme activities for AL T and AST for the different studies are presented in Fig. 1 . Enzyme activities for both enzymes were lowest at 17 weeks of age. The greatest activities were present during the period of 30 to 58 weeks of age. Thereafter the enzyme activities tended to decline, but did not reach the levels observed at 17 weeks of age. The enzyme activities of the male F344 rats were generally higher than those found in the females.
In order to determine whether a batch of rats tended to be uniformly high or low throughout its life-span, the two-way analysis of variance was applied to studies I, 3, and 4, for weeks 30, 56, 80 and 106, for each of the enzymes (Fig. I) . Only for AST activity in male rats ( significant interaction between age and sex (P<O·OOOl) . From the graph it appears that rats from study I exhibited higher AST activities compared with studies 3 and 4 for most of their life-time, however the enzyme activity of study 3 were similar to those of study 1 at 30 weeks of age.
There was a strong correlation between the enzyme activity of AL T and AST in both male and female F344 rats at all ages (Fig. 2) . Inspection of an individual animal's blood enzyme activities over time often revealed a large within animal variation. Here again there was a strong correlation between the activities of the two enzymes, with increases in one enzyme activity reflected in a similar magnitude of increase in the other. Large increases in enzyme activity were examined for individual rats. The increases were not always sustained in the subsequent examinations. In addition these increases were generally not associated with tumours such as mononuclear leukemia or testicular interstitial cell tumour, neoplasms which are frequently seen in this strain of rat (Kusewitt et al., 1982) . In most cases no reason could be found for these spontaneous increases in AL T and AST activities.
Discussion
This article deals with the F344 inbred strain of rat. Only limited data are available despite this strain's widespread use in toxicological studies, defining the normal'blood chemistry pattern as a function of age and sex. The only other thorough statistical presentation dealing with this subject in F344 rats covers haematological parameters, and urea and creatinine (Weil, 1982) . The present study was undertaken to study the blood enzyme activities of AL T and AST. In concentrating on two enzymes, we present a comprehensive statistical picture of their population distributions from 17 to 106 weeks of age for the male and female F344 rat.
The study carried out by Weil (1982) is used in this discussion for comparison, because of its similarity in design and goals. The aims of the statistical analyses are similar in both studies.
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Both studies use F344 rats, and deal with clinical pathology parameters. The differences between this study and Weil's, are first, Weil used both treated and control animals in his analysis, whereas in the present work only untreated rats are used. Secondly, Weil only used rats of 18 months of age; in this study a range of ages from 17 to 106 weeks is studied. Thirdly, WeiI studied haematological parameters, urea and creatinine. This work concentrates on just two enzymes, ALT and AST. Finally, Weil did not attempt to transform the raw data to approximate the normal distribution, thus allowing efficient statistical analysis. Lewi & Marsboom (1981) , have pointed out that clinical pathological measurements frequently do not display a Gaussian distribution. Weil (1982) found considerable deviations from normality. Our study also showed this. Weil's finding that there was a lack of consistency in the direction of the skewness of the populations does not agree with our results. All the data sets examined in our study, with the exception of one, were skewed to the right due to a few large outliers. The results presented by Lewi and Marsboom (1981) for ALT and AST activities of Wistar rats were similar to those reported here and were also skewed to the right.
The present study agrees with Weil regarding the large variations of values among studies. Despite using the identical strain of rat from a single supplier, maintaining and handling these animals under standard conditions, and using the same equipment and reagents to study their enzyme activities, significant differences between studies were demonstrated. The quality control programmes instituted minimize the effects of laboratory variation between studies. Therefore we feel that the differences among studies found are due to batch variation.
These findings emphasize the importance of using concurrent controls for the purpose of comparison of data. It is our opinion that 'background data' or 'historical data' of this kind is valueless when attempting to evaluate study results. Concurrent controls, consisting of one or two groups is the recommended way to compare data from treated with control groups (Wei!, 1982) .
No consistent differences among studies were demonstrated for AL T or AST activities by the two-way analysis of variance. This would indicate that a developmental effect did not play a significant role in determining the level of the enzyme activities (Gartner, 1990) , and that other factors may be responsible for the differences found among studies.
Age-associated geriatric conditions can effect animals in many ways, including their clinical chemistry and haematological parameters (Grice & Burek, 1984) . This may result in subtle chronic toxic effects being 'masked' or 'hidden'. Grice and Burek (1984) question the validity of blood assays in geriatric rats. The results presented here agree with these findings and conclusions. In this study rats at 106 weeks of age tended to show a wider variation for their enzyme activities as compared to other age groups. From these results and experience in this laboratory, the authors feel that clinical pathological examinations at 2 years of age in F344 rats are of no contributing value to the assessment of toxicological properties of the compound under investigation (Waner, 1987) .
The data presented in this article shows a similar pattern to that published by Charles River Laboratories for ALT and AST activities in F344 rats (Charles River, 1984) . It is not possible to compare their data directly with ours, as only the mean and standard deviation are presented, and also the data have been derived using different equipment and reagents. However, the wide distribution in the enzyme activity was confirmed.
The age related changes in activity of ALT and AST enzyme activities has not been described before in the F344 rat. In the statistics provided by Charles River (1984) , data is only provided for rats from 6 to 34 weeks of age. A sex difference is apparent; only the males tended to follow a pattern similar to that described here. In the extensive data provided by Lewi and Marsboom (1981) for the Wistar strain, only the females showed an increase in enzyme activity up to 3 months of age, and from then on a gradual decrease. The reason for the differences between our data and those quoted is unknown.
In using an inbred strain it would be expected to encounter a small degree of variability in enzyme activity levels. This, however, was not the case. A large degree of variation in enzyme activity of ALT and AST was encountered, both among and within animal data. However, the males appeared to exhibit a greater degree of heterogeneity than the females. Limited success has been reported in attempts to reduce random variability in quantitative traits in laboratory rats and mice by standardizing husbandry techniques and reducing environmental variability (Gartner, 1990) . Gartner considers this variability to be due to the influences of a third component which is effective at or before fertilization.
Rats with very high activities for ALT exhibited activities of similar magnitude for AST. This finding was enhanced by the strong correlation between the activities of ALT and the AST at all activity levels. Since the origin of the enzymes is different, it is surprising that such a good correlation exists between the activities of blood AL T and AST. AL T has a high activity in the cytoplasm of the rat hepatocyte, and is released by mild hepatocellular damage. AST is a cytoplasmic and mitochondrial enzyme which is not liver specific. High levels are present in the cardiac and skeletal muscles, liver and kidney (Evans, 1988) . We were unable to relate the sporadic increases of enzyme activity to the health status of the rats. The animals were purchased from a reliable vendor; all rats were held under stringent barrier conditions; any rat dying during the course of the study underwent a full necropsy.
The implications for toxicological and clinical pathological diagnosis of the spontaneous fluctuations of AL T and AST, may be to compromise the sensitivity of AL T activity for the detection of liver pathology in this strain. We know of no other report that has demonstrated this phenomenon in the normal F344 or any other strain of rats.
Under normal circumstances deviant values such as these may be regarded as outliers, and thus be excluded from statistical analyses. It is our opinion that these spontaneous and sometimes transient enzyme elevations are a natural phenomenon among F344 rats, and that these values should not be excluded as outliers.
The natural pattern of distribution of the enzyme activities of AL T and AST raises the question of the implications for statistical analysis. The use of the Analysis of Variance (ANOV A) or the Student's I-test assumes that the populations being compared are normally distributed, and have homogeneous variances (Sokal and Rohlf, 1981) . Gad and Weil (1982) presented an algorithmic approach for the application of statistical procedures to toxicological data. The approach of this decision tree is first to test the normality of the data. The possibility of distribution has been documented to produce too many significant results in the Fand I-tests (Snedecor and Cochran, 1976) .
The lack of normality and the skewness of the populations suggest that either attempts should be made to transform the data, or nonparametric statistical procedures considered for use when dealing with results from these enzymes.
However, the ANOVA is generally considered to be the more efficient statistical procedure for detecting departures from the null hypothesis where distributional assumptions hold entirely or even approximately (Sokal & Rohlf, 1981) . By applying the Box-Cox transformation we conclude that approximate normal distribution can be obtained by applying the reciprocal transformation.
Detailed study guidelines have been drawn up by a number of groups of regulatory authorities but no indications or suggestions for the statistical analysis of data have been made (Festing el af., 1984; Waner, 1987) . This report provides data regarding the population distribution of these two important enzymes, and suggestions related to the statistical analysis, which will be useful for toxicologists and other scientists working with this strain.
